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(54) Optical disk recording device for optimizing write pulse string in use of energy level of write 
pulse string and method thereof

(57) A method of optimizing a write pulse string, and
an optical disk device to perform the method, the method
including measuring an energy level of the write pulse

string used in recording data on an optical disk, and con-
trolling a generation of the write pulse string so that the
energy level is within a predetermined range above or
below a reference energy level.
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Description

[0001] The present invention relates to optical disk de-
vices and methods of optimizing a write pulse string.
[0002] An optical disk recording device generates a
write pulse string based on a given write pattern, and
records data on an optical disk utilizing the generated
write pulse string. If the write pulse string being utilized
is not appropriate, the data recording operation on the
optical disk is not normally performed. Therefore, it is
very important that the optical disk recording device gen-
erates an optimum write pulse string.
[0003] Traditional optical disk recording devices opti-
mized write pulse strings through test writing and error
rate measurement. In detail, data was first written as test
writing in a test zone of an optical disk, and this test write
data was read for error rate measurement. Based on a
result of the error rate measurement, the write pulse
string was adjusted to reduce the error rate.
[0004] In effect, generating an optimum write pulse
string is one of the most important tasks of data recording
on an optical disk. Therefore, a number of suggestions
and schemes have been developed to optimize a write
pulse string, and studies show that other attempts be-
sides the related art techniques are already being made
to find a more effective method of optimizing a write pulse
string.
[0005] One of the problems of the related art method
of optimizing a write pulse string is that it can only be
used to generate and adjust a write pulse string according
to a predetermined or pre-stored write pattern, and is
useless in the case of generating and adjusting a write
pulse string according to a new write pattern. According-
ly, there exists a need for developing a method to opti-
mize a write pulse string by generating and adjusting the
write pulse string according to a new write pattern.
[0006] It is, therefore, an -aim of preferred embodi-
ments of the present invention to provide an optical disk
recording device to optimize a write pulse string by using
an energy level of the write pulse string, and a method
to optimize the write pulse string by using the energy
level, wherein the write pulse string is used in a data
recording operation on an optical disk.
[0007] According to the present invention there is pro-
vided an optical disk device, including an optical pickup
unit to be driven by a supplied write pulse string to record
data on an optical disk; an optical pickup driving unit to
generate and supply the write pulse string to the optical
pickup unit; an energy level calculator to calculate an
energy level of the write pulse string generated by the
optical pickup driving unit; and a controller to control the
generation of the write pulse string of the optical pickup
driving unit, so that the calculated energy level is proxi-
mate to a predetermined reference energy level.
[0008] The controller may control the optical pickup
driving unit to adjust the write pulse string in response to
an absolute value of a difference between the calculated
energy level and the reference energy level exceeding a

predetermined threshold level.
[0009] The energy level calculator may include: a write
pulse power measuring part to measure power levels of
write pulses forming the write pulse string; a write pulse
width measuring part to measure pulse widths of the write
pulses forming the write pulse string; a multiplier to mul-
tiply the power levels provided from the write pulse power
measuring part by the write pulse widths provided from
the write pulse width measuring part, respectively; and
an adder to add all of the multiplication results to calculate
the energy level.
[0010] The energy level calculator may integrate the
write pulse string, and output the integration result as the
energy level.
[0011] The write pulse string may include at least one
of a multi-type write pulse string, a non-multi type write
pulse string, a castle type write pulse string, or a combi-
nation thereof.
[0012] Another aspect of the present invention pro-
vides a method of optimizing a write pulse string, the
method including: generating a write pulse string to use
in recording data on an optical disk; calculating an energy
level of the generated write pulse string; and controlling
the generation of the write pulse string to approximate
the calculated energy level to a predetermined reference
energy level.
[0013] The write pulse string may be adjusted in re-
sponse to an absolute value of difference between the
calculated energy level and the reference energy level
exceeding a predetermined threshold level.
[0014] The calculation of the energy level of the gen-
erated write pulse string may include: measuring power
levels of write pulses of the write pulse string; measuring
write pulse widths of write pulses of the write pulse string;
multiplying the measured power levels by the measured
write pulse widths, respectively; and adding all of the mul-
tiplication results to calculate the energy level.
[0015] The energy level may be calculated by integrat-
ing the write pulse string, and the integrated value may
be outputted as the energy level.
[0016] The write pulse string may include at least one
of a multi-type write pulse string, a non-multi type write
pulse string, a castle-type write pulse string, or a combi-
nation thereof.
[0017] Another aspect of the present invention pro-
vides an optical disk device including an energy level
measuring unit to measure an energy level of a write
pulse string used in recording data on an optical disk;
and a controller to control a generation of the write pulse
string so that the energy level is within a predetermined
range above or below a reference energy level.
[0018] The device may further comprise a write pulse
string generation unit to generate the write pulse string,
wherein the controller controls the write pulse string gen-
eration unti to adjust the energy level of the write pulse
string to within the predetermined range.
[0019] The energy level measuring unit may measure
power levels of write pulses of the write pulse string,
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measures pulse widths of the write pulses, multiplies the
power levels by the respective pulse widths, and sums
the multiplication results to measure the energy level.
[0020] The write pulse string may be adjusted in re-
sponse to an absolute value of a difference between the
measured energy level and the reference energy level
being larger than a predetermined value.
[0021] The energy level may be adjusted by changing
a timing of write pulses of the write pulse string, a width
of the write pulses, intervals between the write pulses,
or a combination thereof.
[0022] Another aspect of the present invention pro-
vides a method of generating a write pulse string, the
method including measuring an energy level of the write
pulse string used in recording data on an optical disk;
and controlling a generation of the write pulse string so
that the energy level is within a predetermined range
above or below a reference energy level.
[0023] The measuring of the energy level may include:
measuring power levels of write pulses of the write pulse
string; measuring pulse widths of the write pulses; mul-
tiplying the power levels by the respective pulse widths;
and summing the multiplication results.
[0024] The method may further comprise adjusting the
write pulse string in response to an absolute value of a
difference between the measured energy level and the
reference energy level being larger than a predetermined
value.
[0025] The method may further include finely adjusting
the write pulse string through error rate measurement in
response to the energy level being within the predeter-
mined range.
[0026] The present invention will become apparent
and more readily appreciated from the following descrip-
tion of the embodiments, taken in conjunction with the
accompanying drawings of which:

FIG. 1 is a schematic block diagram of an optical
disk recording device to optimize a write pulse string
by using an energy level of the write pulse string, in
accordance with an embodiment of the present in-
vention;
FIG. 2A illustrates one example of a three level write
pulse string;
FIG. 2B illustrates one example of a two level write
pulse string;
FIG. 3 is a detailed block diagram illustrating one
embodiment of an energy level calculator illustrated
in FIG. 1; and
FIG. 4 is a flow chart illustrating how the optical disk
recording device in FIG. 1 optimizes a write pulse
string by using an energy level of the write pulse
string.

[0027] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements

throughout. The embodiments are described below to
explain the present invention by referring to the figures.
[0028] FIG. 1 is a schematic block diagram of an optical
disk recording device to optimize a write pulse string by
using an energy level of the write pulse string, in accord-
ance with an embodiment of the present invention. Re-
ferring to FIG. 1, the optical disk recording device of the
present invention includes an optical pickup unit 120, an
optical pickup driving unit 130, an energy level calculator
140, and a controller 150.
[0029] The optical pickup unit 120 is driven by a sup-
plied write pulse string, and records recording data (that
is, data to be recorded) on an optical disk 110 provided
in the optical disk recording device.
[0030] The optical pickup driving unit 130 generates a
write pulse string to be used in driving the optical pickup
unit 120, and supplies the write pulse string to the optical
pickup unit 120. The optical pickup driving unit 130 is
capable of generating a write pulse string not only ac-
cording to a pre-stored write pattern in a memory (not
shown), but also according to a new write pattern which
is not yet stored in the memory. In the latter case, the
optical pickup driving unit 130 generates a new write
pulse string in reference to the specifications of the optical
disk recording device of this embodiment of the present
invention and the specifications of the optical disk 110.
[0031] In addition, the optical driving unit 130 is capa-
ble of adjusting the write pulse string being generated,
under the control of the controller 150 (to be described
later in this detailed description). More specifically, the
optical pickup driving unit 130 adjusts the write pulse
string by changing a timing, write pulse width, and/or in-
terval between write pulses forming the write pulse string.
[0032] The energy level calculator 140 receives the
write pulse string generated by the optical pickup driving
unit 130, and calculates an energy level (E) of the write
pulse string. Then, the energy level calculator 140 sup-
plies the calculated energy level (E) to the controller 150.
[0033] The energy level (E) of the write pulse string
refers to the quantity of energy that is transferred from
the optical pickup unit 120 to the optical disk 110 when
the optical pickup unit 120, which is driven by the write
pulse string, records data on the optical disk 110. More
explanation regarding the energy level (E) of the write
pulse string and the energy level calculator 140 will be
provided later in this detailed description.
[0034] The controller 150 compares the calculated en-
ergy level (E) received from the energy calculator 140
with a pre-stored reference energy level (Er), and, based
on a result of the comparison, controls the write pulse
string generation of the optical pickup driving unit 130 to
adjust the generated write pulse string so that the gen-
erated write pulse string has an energy level (E) that more
closely approximates the reference energy level (Er).
[0035] For instance, if the absolute value of the differ-
ence between the calculated energy level (E) and the
reference energy level (Er), i.e., (|E - Er|), exceeds a
threshold level (Et), the controller 150 controls the optical
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pickup driving unit 130 to adjust the write pulse string.
[0036] The following will now explain in more detail
how the energy level (E) of a write pulse string is meas-
ured by the energy level calculator 140.
[0037] As described above, the energy level (E) of a
write pulse string refers to the quantity of energy that is
transferred from the optical pickup unit 120 to the optical
disk 110 when the optical pickup unit 120, which is driven
by the write pulse string, records data on the optical disk
110. The energy level (E) of a write pulse string is an
indicator of a normal data recording on the optical disk
110, that is, it indicates whether the optical pickup driving
unit 130 is normally generating and applying a write pulse
string to drive the optical pickup unit 120.
[0038] This is because although there are many write
pulse strings generated by the optical pickup driving unit
130 and supplied to the optical pickup unit 120 to record
data on the optical disk 110, the energy levels of those
write pulse strings are normally exactly the same or al-
most the same. More details on this can be found in the
following descriptions associated with FIGS. 2A and 2B.
[0039] FIG. 2A illustrates one example of a three level
(P1, P2, and P3) write pulse string, and FIG. 2B illustrates
one example of a two level (P1’, P2’) write pulse string.
The optical pickup driving unit 130 is capable of gener-
ating not only the same write pulse strings as those
shown in FIG. 2A and FIG. 2B, but also other write pulse
strings with different patterns.
[0040] Also, the result of data recording based on the
write pulse string in FIG. 2A is substantially identical to
the result of data recording based on the write pulse string
in FIG. 2B. That is to say, although write pulse strings
may have different patterns, the results of data recording
thereof are normally the same.
[0041] Therefore, write pulse strings causing the same
result of data recording have exactly the same or almost
the same energy levels. In other words, the energy level
of the write pulse string in FIG. 2A (the sum of areas
marked with slashing lines in FIG. 2A) and the energy
level of the write pulse string in FIG. 2B (the sum of areas
marked with slashing lines in FIG. 2B) are exactly the
same or almost the same.
[0042] These observations lead to the conclusion that
if the optical pickup driving unit 130 should generate a
new write pulse string which yields identical or almost
completely identical results as the write pulse strings
shown in FIGS. 2A and 2B, the energy level of the new
write pulse string should be exactly the same or almost
the same as the energy levels of the write pulse strings
in FIGS. 2A and 2B.
[0043] Namely, when the optical pickup driving unit
130 generates a new write pulse string, it determines
whether the energy level of the new write pulse string is
exactly the same or almost the same as the predeter-
mined reference energy level. In this manner, one can
make a decision regarding whether the new write pulse
string is appropriate to use in data recording.
[0044] In this light, the energy level of a write pulse

string becomes an indicator showing whether or not the
optical pickup driving unit 130 generates an appropriate
write pulse string to drive the optical pickup unit 120. As
such, by using the energy level of a new write pulse string,
which has not been introduced to related art technolo-
gies, an optimum write pulse string can be generated.
[0045] Even though this embodiment of the present
invention has been described based on the multi-type
write pulse string, this is for illustrative purposes only.
The principles of the present teaching can be equally
applied to other write pulse strings, such as non-multi
type write pulse strings and castle type write pulse
strings.
[0046] The energy level (E) of the write pulse string is
calculated by the energy level calculator 140.
FIG. 3 illustrates one embodiment of the energy level
calculator 140 with this function. As can be seen in the
drawing, the energy level calculator 140 includes a write
pulse power measuring part 142, a write pulse width
measuring part 144, a multiplier 146, and an adder 148.
[0047] The write pulse power measuring part 142
measures power levels of write pulses forming a write
pulse string from the optical pickup driving unit 130, and
supplies the measured power levels to the multiplier 146.
[0048] If the write pulse string supplied from the optical
pickup driving unit 130 to the write pulse power measur-
ing part 142 is the one shown in FIG. 2A, power levels
of each of the write pulses measured by the write pulse
power measuring part 142 would be P1 - P3 [W]. Similarly,
if the write pulse string supplied from the optical pickup
driving unit 130 to the write pulse power measuring part
142 is the one shown in FIG. 2B, power levels of each
of the write pulses measured by the write pulse power
measuring part 142 would be P1’ - P2’[W].
[0049] The write pulse width measuring part 144 meas-
ures pulse widths of the write pulses forming the write
pulse string from the optical pickup driving unit 130, and
supplies the measured write pulse widths to the multiplier
146.
[0050] The multiplier 146 multiplies the power levels
supplied from the write pulse power measuring part 142
by the write pulse widths supplied from the write pulse
width measuring part 144, respectively, and supplies the
multiplication results to the adder 148. During the multi-
plication operation, the multiplier 146 multiplies power
levels by their corresponding write pulse widths, respec-
tively.
[0051] Then, the adder 148 adds all of the multiplica-
tion results outputted from the multiplier 146 to calculate
an energy level, and supplies the calculated energy level
to the controller 150.
[0052] Meanwhile, the energy level calculator 140 can
also be used as an integrator, which integrates a write
pulse string from the optical pickup driving unit 130 and
outputs the integration result to the controller 150 as an
energy level.
[0053] A method of optimizing a write pulse string by
using the energy level of the write pulse string will now
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be described in greater detail below, in reference to FIG.
4.
[0054] First of all, the optical pickup driving unit 130
generates a write pulse string (S210). The generated
write pulse string is supplied to the energy level calculator
140.
[0055] Here, it does not matter whether the write pulse
string generated by the optical pickup driving unit 130 is
a write pulse string based on the pre-stored write pattern
in the memory (not shown), or a different write pulse string
based on a new write pattern which is not yet stored in
the memory. In the latter case, the optical pickup driving
unit 130 can generate the new write pulse string in ref-
erence to the specifications of the optical disk recording
device of this embodiment of the present invention and
the specifications of the optical disk 110.
[0056] The energy level calculator 140 calculates an
energy level (E) of the write pulse string generated in
operation S210 (S220). The calculated energy level (E)
is supplied to the controller 150. The energy level (E) is
calculated by either (i) multiplying power levels and pulse
widths of the write pulses of the write pulse string, re-
spectively, and adding all of the multiplication results, or
(ii) integrating the write pulse string.
[0057] The controller 150 calculates an absolute value
of the difference between the energy level (E) from op-
eration S220 and the predetermined energy level (Er),
i.e., |E - Er| (S230).
[0058] If the absolute value |E - Er| exceeds the thresh-
old level (Et) (S240), the controller 150 controls the op-
tical pickup driving unit 130 to adjust the write pulse string.
Accordingly, the optical pickup driving unit 130 adjusts
the generated write pulse string (S210). To this end, the
optical pickup driving unit 130 changes timings of the
write pulses of the write pulse string, write pulse widths,
and/or intervals between the write pulses. This adjust-
ment is necessary because the absolute value |E - Er|
greater than the threshold level (Et) implies that the write
pulse string generated in S210 is inappropriate to use in
recording data on the optical disk 110.
[0059] Operations S220 to S240 are repeatedly per-
formed on the adjusted write pulse string of S210 until
the absolute value |E - Er| is lower than or equal to the
threshold level (Et).
[0060] If the absolute value |E - Er| is lower than or
equal to the threshold level (Et) (S240), the write pulse
string undergoes a fine adjustment (S250), and later the
optical pickup unit 120 records data (S260). The absolute
value |E - Er| being lower than or equal to the threshold
level (Et) implies that the write pulse string generated in
S210 is appropriate to use in recording data on the optical
disk 110.
[0061] The fine adjustment performed in S250 involves
reading test record data, and finely adjusting the gener-
ated write pulse string through error rate measurement.
Therefore, in order to optimize the write pulse string, the
write pulse string is adjusted first by using the energy
level thereof, and is more finely adjusted later through

the test record/error rate measurement.
[0062] As set forth above, according to the preferred
embodiment of the present invention, the write pulse
string to be used in data recording on the optical disk can
be optimized utilizing the energy level of the write pulse
string (which has not been suggested by any of related
arts). Preferred embodiments of the present invention
are also applicable to generate a write pulse string based
on a new write pattern.
[0063] The foregoing embodiments and aspects are
merely exemplary, and are not to be construed as limiting
the present invention. The present teaching can be read-
ily applied to other types of apparatuses. Although a few
embodiments of the present invention have been shown
and described, it would be appreciated by those skilled
in the art that changes may be made in these embodi-
ments without departing from the principles and spirit of
the invention, the scope of which is defined in the claims
and their equivalents.
[0064] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.
[0065] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.
[0066] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.
[0067] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed.

Claims

1. An optical disk device, comprising:

an optical pickup unit (120) to be driven by a
supplied write pulse string to record data on an
optical disk (110);
an optical pickup driving unit (130) to generate
and supply the write pulse string to the optical
pickup unit;
an energy level calculator (140) to calculate an
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energy level of the write pulse string generated
by the optical pickup driving unit; and
a controller (150) to control the generation of the
write pulse string of the optical pickup driving
unit, so that the calculated energy level is prox-
imate to a predetermined reference energy lev-
el.

2. The device according to claim 1, wherein the con-
troller (150) controls the optical pickup driving unit
(130) to adjust the write pulse string in response to
an absolute value of a difference between the cal-
culated energy level and the reference energy level
exceeding a predetermined threshold level.

3. The device according to claim 1 or claim 2, wherein
the energy level calculator comprises:

a write pulse power measuring part (142) to
measure power levels of write pulses forming
the write pulse string;
a write pulse width measuring part (144) to
measure pulse widths of the write pulses forming
the write pulse string;
a multiplier (146) to multiply the power levels
provided from the write pulse power measuring
part by the write pulse widths provided from the
write pulse width measuring part, respectively;
and
an adder (148) to add all of the multiplication
results to calculate the energy level.

4. The device according to any preceding claim, where-
in the energy level calculator (140) integrates the
write pulse string, and outputs the integration result
as the energy level.

5. The device according to any preceding claim, where-
in the write pulse string comprises at least one of a
multi-type write pulse string, a non-multi type write
pulse string, a castle type write pulse string, or a
combination thereof.

6. A method of optimizing a write pulse string, the meth-
od comprising:

generating a write pulse string to use in record-
ing data on an optical disk;
calculating an energy level of the generated
write pulse string; and
controlling the generation of the write pulse
string to approximate the calculated energy level
to a predetermined reference energy level.

7. The method according to claim 6, wherein the write
pulse string is adjusted in response to an absolute
value of a difference between the calculated energy
level and the reference energy level exceeding a pre-

determined threshold level.

8. The method according to claim 6 or claim 7, wherein
the calculation of the energy level of the generated
write pulse string comprises:

measuring power levels of write pulses of the
write pulse string;
measuring write pulse widths of write pulses of
the write pulse string;
multiplying the measured power levels by the
measured write pulse widths, respectively; and
adding all of the multiplication results to calcu-
late the energy level.

9. The method according to any one of claims 6-8,
wherein the energy level is calculated by integrating
the write pulse string, and the integrated value is
outputted as the energy level.

10. The method according to any one of claims 6-9,
wherein the write pulse string comprises at least one
of a multi-type write pulse string, a non-multi type
write pulse string, a castle-type write pulse string, or
a combination thereof.

11. An optical disk device, comprising:

an energy level measuring unit (120, 130, 140)
to measure an energy level of a write pulse string
used in recording data on an optical disk (110);
and
a controller (150) to control a generation of the
write pulse string so that the energy level is with-
in a predetermined range above or below a ref-
erence energy level.

12. The device according to claim 11, further comprising
a write pulse string generation unit to generate the
write pulse string, wherein the controller controls the
write pulse string generation unit to adjust the energy
level of the write pulse string to within the predeter-
mined range.

13. The device according to claim 11 or claim 12, where-
in the energy level measuring unit measures power
levels of write pulses of the write pulse string, meas-
ures pulse widths of the write pulses, multiplies the
power levels by the respective pulse widths, and
sums the multiplication results to measure the ener-
gy level.

14. The device according to any one of claims 11-13,
wherein the write pulse string is adjusted in response
to an absolute value of a difference between the
measured energy level and the reference energy lev-
el being larger than a predetermined value.
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15. The device according to any one of claims 11-14,
wherein the energy level is adjusted by changing a
timing of write pulses of the write pulse string, a width
of the write pulses, intervals between the write puls-
es, or a combination thereof.

16. A method of generating a write pulse string, the meth-
od comprising:

measuring an energy level of the write pulse
string used in recording data on an optical disk;
and
controlling a generation of the write pulse string
so that the energy level is within a predetermined
range above or below a reference energy level.

17. The method of claim 16, wherein the measuring the
energy level comprises:

measuring power levels of write pulses of the
write pulse string;
measuring pulse widths of the write pulses;
multiplying the power levels by the respective
pulse widths; and
summing the multiplication results.

18. The method of claim 16 or claim 17, further compris-
ing adjusting the write pulse string in response to an
absolute value of a difference between the measured
energy level and the reference energy level being
larger than a predetermined value.

19. The method of any one of claims 16-18, wherein the
energy level is adjusted by changing a timing of write
pulses of the write pulse string, a width of the write
pulses, intervals between the write pulses, or a com-
bination thereof.

20. The method of any one of claim 16-19, further com-
prising finely adjusting the write pulse string through
error rate measurement in response to the energy
level being within the predetermined range.
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